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ABSTRACT 

A m a t h e m a t i c a l  model of t h e  AAP O r b i t a l  A s s e m b l y  

E l e c t r i c a l  Power Sys tem (EPS) h a s  been  d e s i g n e d  t o  p e r m i t  

p e r f o r m a n c e  e v a l u a t i o n  when power i s  b e i n g  t r a n s f e r r e d  from t h e  

A i r l o c k  Module t o  t h e  Command and S e r v i c e  Modules .  A 56-day 

m i s s i o n  a v e r a g e  o f  475 watts w i l l  b e  t r a n s f e r r e d  f o r  a c o n f i g u r a -  

t i o n  u s i n g  2 f u e l  c e l l  power p l a n t s  ( F C P ' s ) ,  each  w i t h  31 c e l l s .  

The a v e r a g e  power t r a n s f e r  i s  480 watts u s i n g  3 FCP's o f  30 c e l l s  

e a c h ,  and  115  wat ts  u s i n g  3 FCP's o f  31 c e l l s  e a c h .  

When m a x i m m  l o a d s  s i m u l t a n e o u s l y  e x i s t  i n  a . l l  mod.ules 

of  t h e  O r b i t a l  Assembly, i t  i s  p o s s i b l e  f o r  t h e  AM EPS t o  b e  

o v e r l o a d e d  by  t h e  demand f o r  l a r g e  power t r a n s f e r .  T h i s  c o n d i t i o n  

o c c u r s  b e c a u s e  o f  t h e  v o l t a g e  d i f f e r e n c e  e x i s t i n g  be tween CM 

and  AM b u s e s .  To a v o i d  t h i s  o v e r l o a d ,  i t  i s  r e q u i r e d  t h a t  t h e  

p r o p o s e d  l a r g e r  s o l a r  a r r ay  (1364 f t  ) be  used  and t h a t  t h e  AM 

EPS v o l t a g e  b e  a d j u s t e d  t n r o u g n o u t  t h e  m i s s i o n  t o  l i m i t  t n e  

power t r a n s f e r r e d  f o r  any g i v e n  @ - a n g l e .  
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I N T R O D U C T I O N  

The p r e d i c t i o n  of  E l e c t r i c a l  Power System (EPS) 
p e r f o r m a n c e  d u r i n g  power t r a n s f e r  be tween modules o f  t h e  
O r b i t a l  A s s e m b l y  ( O A )  f o r  t h e  AAP 1 - 2 ,  3 A ,  and 3-4 m i s s i o n s  
h a s  b e e n  o f  i n t e r e s t  f o r  some t i m e .  V a r i o u s  c o n t r a c t o r s ,  
n o t a b l y  Nor th  American Rockwell  ( N A R )  and McDonnell Douglas  
C o r p o r a t i o n  ( M D C ) ,  a re  p e r f o r m i n g  s i m u l a t i o n s  o f  p r i m a r i l y  
t h o s e  p o r t i o n s  o f  t h e  EPS i n  which  t h e i r  p a r t i c u l a r  i n t e r e s t  
l i e s .  A s  a r e s u l t ,  t h e  pe r fo rmance  o f  t h e  t o t a l  s y s t e m  has 
n o t  r e c e i v e d  t h e  c o n s i d e r a t i o n  i t  d e s e r v e s .  A m e e t i n g  h e l d  
r e c e n t l y  a t  MSC ( R e f .  l), which i n c l u d e d  N A R  and MDC, had  as 
i t s  p u r p o s e  t h e  i n t e r c h a n g e  o f  i n f o r m a t i o n  on t h e  s i m u l a t i o n s  
e a c h  c o n t r a c t o r  i s  r u n n i n g  and t h e  i n t e g r a t i o n  o f  b o t h  s imu- 
l a t i o n s  t o  r e s u l t  i n  one o v e r a l l  sys t em model.  

To g a i n  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  o v e r a l l  EPS 
p e r f o r m a n c e ,  models have been d e v i s e d  a t  Bellcomm t o  p e r m i t  
pe r fo rmance  e v a l u a t i o n  a s  a f u n c t i o n  o f  v a r i o u s  s y s t e m  p a r a -  
meters.  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  amount o f  power t r a n s -  
f e r r e d  be tween t h e  A i 4  EPS and t h e  CivI-Sivi EPS. 

MODEL D E S I G N  

Using  da t a  on c a b l i n g  r e s i s t a n c e  ( R e f .  2 )  , two models  
were d e s i g n e d ;  t h e  Combined Bus Model ( F i g .  1) c o n s i d e r s  CM 
and  SM b u s e s  as one b u s  and  t h e  S e p a r a t e  Bus Model ( F i g .  2 )  
c o n s i d e r s  t h e s e  b u s e s  s e p a r a t e l y .  I n  b o t h  models ,  e a c h  module 
i s  c o n s i d e r e d  t o  have  two i d e n t i c a l ,  e q u a l l y  l o a d e d  b u s e s ,  
o n l y  one  of  which i s  shown. The Combined Bus Model i s  s i m p l e r  
b u t  assumes an e v e n  s p l i t  between C M  and  SM l o a d s ,  which may 
n o t  n e c e s s a r i l y  be  c o r r e c t .  F u r t h e r ,  t h e  c a p a b i l i t y  f o r  p r e -  
d i c t i n g  CM and  SM bus  v o l t a g e s  and  for chang ing  CM and  SM l o a d s  
i s  l o s t .  
c a b l i n g  i s  i g n o r e d  for t h i s  f i r s t  a p p r o x i m a t i o n  -- i t  i s  a b o u t  
2 . 5 %  u n d e r  maximum power t r a n s f e r  and much l e s s  u n d e r  nomina l  
power t r a n s f e r  c o n d i t i o n s .  

The power l o s s e s  i n  t h e  CM t o  AM i n t e r c o n n e c t i n g  

LINE RESISTANCES 

The v a l u e s  used  i n  t h e  v a r i o u s  models for t h e  l i n e  
r e s i s t a n c e s  a r e  shown i n  Tab le  I .  The v a l u e s  shown a re  a p p l i -  
c a b l e  t o  each  o f  t h e  two i d e n t i c a l  b u s e s .  F o r  t h e  Combined Bus 
Model, t h e  CM bus  t o  FCP l i n e  r e s i s t a n c e  i s  e x a c t l y  t h e  sum o f  
h a l f  t h e  SM bus  t o  CM bus  r e s i s t a n c e  and t h e  FCP t o  SM bus resis- ~ 

t a n c e .  T h i s  i s  t r u e ,  however,  o n l y  f o r  t h e  a s sumpt ion  o f  e q u a l  
CM and  SM l o a d s .  
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CM-SM Load AM/MT)A/OWS Load 

L 
J 

0.029752 0.059.Q 0.0182.Q 
FCP I .  

BUS 

Px = T r a n s f e r r e d  power, watts 

- -  - AM bus l o a d  = 2 
AM/MDA/OWS l o a d  - 2882 - -  watts 2 

CM/SM l o a d  - 2250 watts - -  
2 2 - CM-SM bus  l o a d  = pC - -  

2 

= AM r e g u l a t o r  no-load v o l t a g e  = 30.0 volts vR 

1 - 
( R e f .  3) VF = F C P  v o l t a g e  = C1.2845 - 0.0002 IF - 0.0352(47.3+IF)2 - D t ]  N 

IF = F C P  c u r r e n t  = I (2 F C P )  cs 

D = d e g r a d a t i o n  r a t e  = 30 mv/hr/cell 

t = t o t a l  t ime  FCP has been  i n  o p e r a t i o n ,  hrs 

N = number o f  c e l l s / F C P  

C O M B I N E D  B U S  MODEL 

F I G U R E  1 



- 3- . 
SM Load AM/MDA/OWS Load 

I J 
0.0182Q ' 

AM 0.017752 0 , 0 2 4 0  0 .  Q59.Q 
FCP , 

BUS BUS 

Px = T r a n s f e r r e d  power,  watts 

2 
AM/MDA/OWS l o a d  2 882 = -  - AM b u s  l o a d  = 2 2 wat t s  - -  

Pc = CM load 

Ps = SM l o a d  

= AM r e g u l a t o r  no- load  v o l t a g e  = 3 0 . 0  v o l t s  vR 

1 - 
VF = FCP v o l t a g e  = [1 .2845 - 0.0002 IF - 0.0352(47.3+IF)2 - D t ]  N 

IF = FCP c u r r e n t  = IC + Is ( 2  FCP) 

(Ic + I ) (3 FCP) - 2 - -  3 S 

D = d e g r a d a t i o n  r a t e  = 30 m v / h r / c e l l  

= t o t a l  t i m e  FCP has been  in o p e r a t i o n ,  hrs 

N = number o f  ce l l s /FCP 

SEPARATE BUS MODEL 

FIGURE 2 
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L i n e  R e s i s t a n c e s  

( m i l l i o h m s  ) 

AM Reg. to AM b u s  

A M  bus  t o  CM bus  

C M  bus  t o  SM bus  

SM bus  to FCP 

NAR 
( R e f .  1) 

18.20 

28.6'l) 

21.6 

14.3 

MDC 
(Ref.  2 )  

19.82 

56.2 

24.0 

17.7 

(1) Does n o t  i n c l u d e  l i n e  r e s i s t a n c e  from MDA 
d o c k i n g  p o r t  to AM b u s .  , 

(2) R e f e r e n c e  4. 

B e  1 l c  omm 
( F i g .  1&2) 

18.20 

519.0'~) 

24.0 

17.7 

TABLE I 
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COMBINED BUS MODEL 

The r e l a t i o n s  t h a t  must  e x i s t  f o r  t h e  s y s t e m  ( F i g .  1) 
are g i v e n  below: 

vA = vR - 0 . 0 1 8 2  

The e q u i v a l e n t  r e s i s t a n c e  be tween t h e  AM r e g u l a t o r s  and  AM b u s  
o f  0.0182 ohms ( R e f .  1) i n c l u d e s  t h e  e f f e c t  o f  r e g u l a t o r  d roop  
( 4 0  mv/amp/reg) and t h e  s t a t e d  l i n e  r e s i s t a n c e .  S i n c e  f o u r  
r e g u l a t o r s  a re  i n  p a r a l l e l  f o r  e a c h  b u s ,  t h e  d roop  becomes 
1 0  mv/amp or 0 . 0 1 0  ohms. The c u r r e n t  i s  t h e n  d e t e r m i n e d  by  
c o n s i d e r i n g  h a l f  t h e  t o t a l  l o a d  on e a c h  o f  t h e  two b u s e s .  
Hence, 

- 'A+'X IA - - 
2vA 

'A+'X VA = VR - 0 .0182  
2vA 

By t h e  q u a d r a t i c  e q u a t i o n ,  

The v o l t a g e  a t  t h e  combined CM-SM b u s  due t o  t h e  AM bus  must  b e  

vc = VA - 0 . 0 5 9  Ix 

T h e  t r a n s f e r r e d  c u r r e n t  f o r  each  o f  two b u s e s  i s  h a l f  t h e  t o t a l  

- pX 
IX - 5 



BELLCOMM. INC.  -6- 

A vc = VA - 0.059 - 
2vC 

A p p l i c a t i o n  o f  t h e  q u a d r a t i c  e q u a t i o n  y i e l d s  

From t h i s ,  w e  can d e t e r m i n e  t h e  c u r r e n t  s u p p l i e d  t o  t h e  CM-SM 
bus from t h e  f u e l  c e l l  power p l a n t s  (FCP) i n  t h e  SM. 

P -P - c x  
2vC ICs - (4) 

The c u r r e n t  from each  F C P  depends on whe the r  two or t h r e e  
FCP's a r e  o p e r a t i n g  

I, = I,, if 2 FCP's o p e r a t e  (5.0) F' L3 

- 2 
O r  IF - 3 ICs i f  3 FCP's o p e r a t e  (5.1) 

Now, t h e  v o l t a g e  r e q u i r e d  a t  t h e  FCP o u t p u t  f o r  t h e  c o n d i t i o n s  
s p e c i f i e d  must b e  

VF = Vc + 0.0297 IF 

But t h e  v o l t a g e  o u t  o f  t h e  FCP i s  de t e rmined  by t h e  e l e c t r o -  
chemica l  r e a c t i o n ,  t h e  c u r r e n t  d e n s i t y ,  t h e  t o t a l  o p e r a t i n g  
t i m e ,  t h e  t e m p e r a t u r e ,  and t h e  number o f  c e l l s  p e r  FCP. T h i s  
i s  g i v e n  b y  t h e  f o l l o w i n g  e x p r e s s i o n  from R e f .  3: 

1 - 
VF = r1.2845 - 0.0002 IF - 0.0352 (47.3 + IFl2 - D t ]  N ( 7 )  
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VF as d e t e r m i n e d  by (6) and b y  ( 7 )  must b e  e q u a l .  The power 
t r a n s f e r r e d , P  i s  t h e  r e s u l t  i n  which we are  i n t e r e s t e d  f o r  

v a r i o u s  combina t ions  of  t h e  p a r a m e t e r s  PA, Pc ,  D ,  N ,  and 

t i m e ,  and an  i t e r a t i v e  p r o c e s s  must b e  used  f o r  each  c a s e .  

SEPARATE BUS MODEL 

X J  

The s e p a r a t i o n  of CM and SM b u s e s  w i l l  n o t  a f f e c t  
t h e  r e l a t i o n s h i p s  p r e v i o u s l y  deve loped  f o r  t h e  AM b u s .  Hence, 
e q u a t i o n s  (l), ( 2 ) ,  and ( 3 )  a r e  s imply  r e p e a t e d  h e r e  

I 

VR + - y V R  - 0 . 0 3 6 4  ( P A + P x )  - 
‘A - 2 

pX Ix = - 
2vC 

vA + d V A 2  - 0 . 1 1 8  Px - 
vc - 2 

The c u r r e n t  f l o w i n g  to t h e  CM b u s  from t h e  SM bus must be 

- pc-px IC - - 
2vC 

The v o l t a g e  a t  t h e  SM bus i s  

Vs = Vc + 0.024 IC 

T h e  c u r r e n t  f l o w i n g  t o  t h e  SM l o a d s  i s  

(3) 

( 9 )  

3 - 
Is - 2 q  (10) 
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and t h e  t o t a l  c u r r e n t  s u p p l i e d  by  a FCP i s  

IF = IC + Is 

2 

i f  2 FCP's o p e r a t e  

or IF - - 3 (Ic+") i f  3 FCP's o p e r a t e  

The v o l t a g e  r e q u i r e d  a t  t h e  FCP o u t p u t  f o r  t h e  c o n d i t i o n s  
s p e c i f i e d  must be  

VF = Vs + 0.0177 IF 

(11.0) 

(11.1) 

But t h e  v o l t a g e  o u t  of t h e  FCP a g a i n  i s  g i v e n  by  

1 - 
= [1 .2845 - 0 . 0 0 0 2  IF - 0 . 0 3 5 2  ( 4 7 . 3  + IF)* - D t ]  N ( 7 )  vF 

v, - as de te rmined  by (12) and b y  ( 7 )  must be  e q u a l .  

RESULTS 

Using t h e  two models,  d e t e r m i n a t i o n s  were made of t h e  
power t r a n s f e r r e d  as a f u n c t i o n  o f  t i m e  f o r  t h r e e  d i f f e r e n t  FCP 
c o n f i g u r a t i o n s .  Miss ion  ave rage  power r e q u i r e m e n t s  of  2 2 5 0  wat ts  
f o r  t h e  CM-SM (P, )  and 2882 wat t s  f o r  t h e  AM ( P A )  were u s e d .  The 

r e s u l t s  a r e  shown on T a b l e  11. A p l o t  o f  t h e s e  da ta  i s  shown i n  
F i g .  3 f o r  t h e  Combined Bus Model and i n  F i g .  4 for t h e  S e p a r a t e  
Bus Model. 

The r e s u l t s  s u g g e s t  t h a t  a sys tem c o n f i g u r a t i o n  u s i n g  
two 3 1 - c e l l  FCP's o r  t h r e e  3 0 - c e l l  FCP's w i l l  y i e l d  approx ima te ly  
t h e  same power t r a n s f e r  over  t h e  m i s s i o n  l i f e t i m e  u s i n g  m i s s i o n  
a v e r a g e  power f o r  t h e  modules.  I n  t h e  e v e n t  of  a FCP c e l l  f a i l u r e  
d u r i n g  t h e  m i s s i o n ,  however, t h e  two 3 1 - c e l l  c o n f i g u r a t i o n  w i l l  
p e r m i t  u s e  of t h e  t h i r d  f u e l  c e l l  f o r  c o n t i n u a t i o n  o f  t h e  m i s s i o n .  
However, i n  t h e  e v e n t  of a FCP f a i l u r e ,  t h e  t h r e e  3 0 - c e l l  con f igu -  
r a t i o n  would r e q u i r e  r e d u c t i o n  o f  l o a d s  to a v o i d  o v e r l o a d i n g  o f  
t h e  AM EPS by  power t r a n s f e r .  F u r t h e r ,  t h e  two 3 1 - c e l l  f u e l  c e l l  
c o n f i g u r a t i o n  p e r m i t s  u se  n f  t h e  t h i r d  f u e l  c e l l  f o r  p e r i o d s  of 
peak l o a d .  
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I n  o r d e r  t o  e v a l u a t e  s y s t e m  pe r fo rmance  a t  of f -nominal  
p o i n t s ,  i . e . ,  w i t h  l o a d s  o t h e r  t h a n  m i s s i o n  a v e r a g e  l o a d s ,  a 
minimum sys tem power and maximum s y s t e m  power c o n d i t i o n  were 
p o s t u l a t e d .  The co f id i t i ons  and r e s u l t s  a re  as snown on T a b l e  
111. A t  t h e  maximum power c o n d i t i o n  w i t h  3 FCP's o p e r a t i n g ,  
t h e  AM EPS w i l l  b e  ove r loaded  w i t h  t h e  r e q u i r e m e n t  t o  s u p p l y  
i t s  l o a d s  ( P A  = 3111) and t o  t r a n s f e r  1 0 4 5  watts t o  t h e  CM-SM 
EPS. It must be remembered, however ,  t h a t  t h e  power c a p a b i l i t y  
r a t i n g  f o r  t h e  AM EPS i s  based on 
c a p a b i l i t y .  Two c o n d i t i o n s  c o u l d  c a u s e  t h i s  c a p a b i l i t y  t o  b e  
improved -- t h e  u s e  of  t h e  p roposed  new s o l a r  array ( R e f .  5 )  
w i t h  minimum power r a t i n g  of 4100 watts i n s t e a d  of 3500 wat t s  
and /o r  @-ang le  o t h e r  t h a n  0' f o r  t h e  m i s s i o n  t i m e  c o r r e s p o n d i n g  
t o  t h e  o c c u r r e n c e  o f  maximum l o a d .  

= O o * ,  i . e . ,  minimum power 

PERFORMANCE IMPROVEMENT 
Using  t h e  p r e s e n t  OWS S o l a r  A r r a y  ( 1 2 0 0  f t  2 ) ,  * *  t h e  

minimum con t inuous  bus power ( B  = 0') i s  g i v e n  as 3500 watts 
for AAP 1-2 and 3290 watts f o r  A A P  3-4 ( R e f .  6 ) .  Us ing  a 
v a l u e  of  t h e  r a t i o  o f  s o l a r  a r r a y  power o u t p u t  i n  s u n l i g h t  t o  
c o n t i n u o u s  power d e l i v e r e d  t o  t h e  l o a d ,  PsA/PL = 2.55 ( R e f .  

and v a l u e s  f o r  subsys tem e f f i c i e n c i e s  as g i v e n  i n  R e f .  7 ,  a 
v a l u e  can  b e  de t e rmined  f o r  B f o r  which t h e  n e c e s s a r y  power 
w i l l  b e  a v a i l a b l e .  T h i s  i s  summarized on T a b l e  I V  and r e q u i r e s  
6 = 5 9 . 1 @ .  No o r b i t  o f  210 NM a l t i t u d e  with a n  i n c l i n a t i o n  nf 
l e s s  t h a n  approx ima te ly  35.5@ would e v e r  a c h i e v e  a power l e v e l  
s u f f i c i e n t  t o  supp ly  t h e  p o s t u l a t e d  l o a d s  f o r  A A P  3-4. 

minimum con t inuous  bus power ( B  = 0 ) i s  g i v e n  as 4100  wat ts  
f o r  A A P  1-2  and 3650 w a t t s  f o r  A A P  3-4 ( R e f .  5 ) .  Again,  u s i n g  
t h e  v a l u e s  o f  subsys t em e f f i c i e n c i e s  i n  R e f .  7 ,  a v a l u e  can  b e  
de t e rmined  for 6 f o r  which t h e  n e c e s s a r y  power w i l l  b e  a v a i l a b l e .  
T h i s  v a l u e  o f  B i s  4 2 . 1 ° 6  which  i s  a t t a i n a b l e  f o r  a 2 1 0  NM o r b i t  
w i t h  i n c l i n a t i o n  of  35 f o r  p e r i o d s  as l o n g  as 1 3  d a y s  depend- 
i n g  on l aunch  t i m e .  

5), 

Using  t h e  proposed OWS S o i a r  Array  (1364 f t  2** ) ,  t h e  

* 
i s  d e f i n e d  as t h e  minimum a n g l e  between t h e  s o l a r  

v e c t o r  and t h e  o r b i t a l  p l a n e .  F o r  a c i r c u l a r  o r b i t ,  a small  
B a n g l e  co r re sponds  t o  a h igh  p e r c e n t  o f  t i m e  i n  e a r t h  shadow 
which r e s u l t s  i n  l ess  s o l a r  a r ray  ene rgy  o u t p u t .  

**Discuss ion  w i t h  H.J. F i c h t n e r ,  R-ASTR-E/MSFC, on 2 4  J a n u a r y  
1 9 6 9 ,  d i s c l o s e d  t h a t  MSFC has been  a u t h o r i z e d  t o  p roceed  w i t h  t h e  
d e s i g n  o f  t h e  l a r g e r  s o l a r  a r r a y  ( 1 3 6 4  f t 2 )  and t h a t  t h i s  a r r a y  i s  
now c o n s i d e r e d  p a r t  o f  t h e  b a s e l i n e  c o n f i g u r a t i o n .  
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Area 

f t 2  B O  

Watts 

pL 

AAP 1 - 2  

A A P  3-4 

A A P  3-4 

1 2 9 0  0 0 . 6 4 5  2 . 5 5  1 0 2 7 0  4030 3500 

1 2 0 0  0 0 . 6 4 5  2 . 5 5  9650") 3790 3290 

1200 5 9 . 1  0 . 3 8 1  2 . 0 3  9 6 5 0 ' l )  4756 4156 

A A P  1 - 2  

A A P  3-4 

AAP 3-4 

1 3 6 4  0 0 . 6 4 5  2 . 5 5  1 1 9 0 0  4665 4080 

1 3 6 4  0 0 . 6 4 5  2 . 5 5  11190(1 )  4385 3790 

1 3 6 4  4 2 . 1  0 . 5 4 3  2 . 3 5  

6 %  s o l a r  array d e g r a d a t i o n  

Dark  t i m e / l i g h t  t ime i n  2 1 0  NM o r b i t  

Based on Reguia tor .  E f f i c i e n c y  = 0.95 

B a t t e r y  wh E f f i c i e n c y  = 0 . 6 8  
D i s t r i b u t i o n  Losses  = 0 . 2 1 2  

Charge r  E f f i c i e n c y  = 0 . 9 5  

A v a i l a b l e  bus  power a f t e r  a l lowance  f o r  bus 
s p l i t  and r e g u l a t o r  mismatch 

AM EPS A v a i l a b l e  Power 

TABLE I V  
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The t o t a l  power s u p p l i e d  by t h e  AM E P S  can  be 
l i m i t e d  f o r  any g i v e n  B-angle by a d j u s t m e n t  o f  t h e  r e g u l a t o r  
no- load  v o l t a g e  s e t t i n g  - i n c r e a s i n g  t h e  v o l t a g e  i n c r e a s e s  t h e  
p o r t i o n  of t h e  l o a d  assumed and d e c r e a s i n g  t h e  v o l t a g e  d e c r e a s e s  
t h e  l o a d  assumed. The r ema inde r  o f  t h e  power r e q u i r e d  f o r  any 
g i v e n  l o a d  c o n d i t i o n  t h e n  would be s u p p l i e d  by t h e  F C P ' s .  To 
a v o i d  o v e r l o a d i n g  o f  t h e  AM EPS d u r i n g  p e r i o d s  of maximum power 
r e q u i r e m e n t  such  as i n i t i a l  p r e s s u r i z a t i o n ,  EVA, e t c . ,  t h e  AM 
E P S  cou ld  b e  loaded  t o  i t s  f u l l  c a p a b i l i t y  f o r  w h a t e v e r  8-angle  
e x i s t e d  and t h e  F C P ' s  would assume t h e  r ema inde r  o f  t h e  l o a d .  
O p e r a t i n g  i n  t h i s  manner p e r m i t s  comple te  c o n t r o l  of  t h e  b e h a v i o r  
o f  b o t h  t h e  AM EPS  and t h e  CM-SM E P S .  While t h i s  w i l l  r e q u i r e  
a d d i t i o n a l  crew p a r t i c i p a t i o n ,  i t  has t h e  ' advantage  o f  p r o v i d i n g  
comple te  c o n t r o l  of c ryogen ic  r e a c t a n t  u sage ,  p o t a b l e  water 
p r o d u c t i o n ,  b a t t e r y  dep th  o f  d i s c h a r g e ,  and A M  t o  CM-SM power 
t r a n s f e r .  The s e n s i t i v i t y  of power t r a n s f e r r e d  as a f u n c t i o n  
o f  bus  v o l t a g e  i s  on t h e  o r d e r  o f  350 w a t t s / v o l t ,  i . e . ,  a 
r e d u c t i o n  o f  AM bus no-load v o l t a g e  s e t t i n g  o f  0 . 1  v o l t  w i l l  
r e d u c e  t h e  power t r a n s f e r r e d  by approx ima te ly  35 wa t t s .  

A more comprehensive model i s  b e i n g  deve loped  which 
w i  1 1  p e r m i t  d e t e r m i n a t i o n  of  c ~ m p 1 e t . e  sys t em per formance  for any 
chosen  se t  of sys t em p a r a m e t e r s .  Loads as a f u n c t i o n  of  t i m e  w i l l  
b e  i n s e r t e d  s o  t h a t  a complete  t i m e  h i s t o r y  of  sys t em pe r fo rmance  
w i l l  b e  a v a i l a b l e .  T h i s  p r e s u p p o s e s ,  o f  c o u r s e ,  e x i s t e n c e  o f  an 
e l e c t r i c a l  l o a d  t i m e  l i n e  f o r  e a c h  m i s s i o n .  Such a t i m e  l i n e  i s  
n o t  now a v a i l a b l e .  

C O N C L U S I O N S  

1. A t h r e e  FCP c o n f i g u r a t i o n  w i t h  31 c e l l s / F C P  
i s  p re fe rab le  because  o f  improved m i s s i o n  r e l i a b i l i t y  and 
g rea t e r  sys t em f l e x i b i l i t y .  

t h e  m i s s i o n  i s  n e c e s s a r y  f o r  c o n t r o l  o f  power t r a n s f e r .  

n e c e s s a r y  t o  a v o i d  o v e r l o a d i n g  t h e  sys tem d u r i n g  p e r i o d s  of  
peak l o a d .  

EPS t o  t h e  CM-SM EPS ( u s i n g  m i s s i o n  ave rage  l o a d s )  t o  p e r m i t  FCP 
o p e r a t i o n  a t  1800 watts ave rage .  

2 .  A method of c o n t r o l l i n g  AM EPS  pe r fo rmance  d u r i n g  

3.  The l a r g e r  s o l a r  a r r a y  b e i n g  d e s i g n e d  b y  MSFC i s  

4 .  Adequate power can  b e  t r a n s f e r r e d  from t h e  AM 

1022-BWM-ms 
- 

B. W .  Moss 
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